RESULTS While ratings of QoL and HRQoL were significantly correlated with one another, HRQoL only accounted for 21% and 44% of the variability in QoL by child-and parent-reports respectively. None of the factors measured contributed ratings of the child's QoL to be much higher than HRQoL.
INTERPRETATION QoL and HRQoL are related but distinct constructs as rated by children with DMD and their parents. Further research is needed to elucidate factors outside HRQoL that contribute to QoL.
Duchenne muscular dystrophy (DMD) is the most common type of childhood neuromuscular disorder, affecting between one in 3500 and one in 5000 newborn males. 1 It is characterized by progressive muscle loss, resulting in profound physical disability. The disease has no cure; therapeutic efforts are focused on maintaining quality of life (QoL) in this population. 1 In recent years, a number of promising molecular therapies have emerged and are currently undergoing various stages of clinical trials, 2 making assessment of treatment outcomes an increasingly important research goal. Patient-reported outcomes have been mandated by the US Food and Drug Administration as an essential outcome to be assessed in clinical trials. 3 In the literature, the terms 'quality of life' and 'healthrelated quality of life' (HRQoL) are often used interchangeably, despite being defined as different constructs. The World Health Organization Quality of Life Group has defined QoL as 'individuals' perception of their position in life, in the context of culture and value systems in which they live and in relation to their goals, expectations, standards, and concerns'. 4 HRQoL narrows the scope of QoL, focusing specifically on the impact of illness and treatments on a person's life. [5] [6] [7] HRQoL does not pertain to aspects of life such as environmental quality and political stability, 6 which cannot be influenced by healthcare intervention. Although it is recognized that there should be distinction between QoL and HRQoL, 5, 6, [8] [9] [10] few studies have empirically differentiated between these two concepts. Gill and Feinstein, 9 having conducted a critical appraisal of QoL instruments, recommended that two single-item, global measures, one of QoL and another of HRQoL, be used. Feldman et al. 11 designed the Quality of My Life (QoML) measure and asked children with rheumatoid arthritis and their parents to rate the child's 'overall' QoL and their QoL 'considering my health' and found that both children and their parents differentiated between these two constructs, with HRQoL only explaining 30% of the variability in QoL. In another study, Rosenbaum et al. 12 found that in adolescents with cerebral palsy, QoL and HRQoL were only weakly correlated with one another. The correlation remained low in the same group of patients 1 year later. 13 Taken together, there is empirical support for the distinction between QoL and HRQoL.
The relationship between QoL and HRQoL has not been examined in the paediatric population with DMD to date. Examining the relationship between QoL and HRQoL will provide insights into the role health plays in overall QoL. Our objectives, via a cross-sectional study, were to (1) investigate the relationship between QoL and HRQoL; and (2) explore child and family factors that are associated with the difference between ratings of QoL and HRQoL.
METHOD Participant recruitment
Patients were recruited through the Canadian Neuromuscular Disease Registry (CNDR), a national registry that collects demographic and clinical information from consenting patients with neuromuscular disease, including DMD, across Canada. 14 Ethics approval was obtained from the Research Ethics Board at Western University and the CNDR. Males enrolled in our study were between the age of 4 years and 18 years with a confirmed diagnosis of DMD. A primary caregiver had to be available to complete the parent questionnaire. Patients were excluded from the study if they had any significant comorbid medical diagnoses not related to DMD or if they were unable to comply with study protocol (e.g. lack of English-language skills to complete questionnaire).
Questionnaires, including demographic, medical, and the various QoL and HRQoL measures, were mailed to eligible participants. Reminders were sent out in accordance with the Tailored Design Method to maximize the response rate. 15 
Measures
The QoML questionnaire, developed by Feldman et al., 11 was used to measure QoL and HRQoL as 'global' constructs. The questionnaire consists of two single-item statements measured on visual analogue scales. The first item states 'overall, my life is. . .' and the second states 'considering my health, my life is. . .'. Respondents are asked to mark their answers along a 100mm line for each question, with 0 being 'the worst' and 100 being 'the best'. Child QoL and HRQoL were assessed using both selfreport and parent-proxy report. These two single-item scores will henceforth be referred to as sQoL and sHRQoL respectively.
A generic, 23-item multidimensional measure of HRQoL, the Pediatric Quality of Life 4.0 Generic Core (PedsQL) module was also used. This measure asks the respondents to rate the extent to which they have had a series of problems (e.g. walking more than one block). There are four domains: physical, emotional, social, and school. A total score is calculated as the average of the sum of all answered items, and is out of 100. 16 Psychometric properties of PedsQL have been established. 16 This multidimensional score will be referred to as mHRQoL.
Clinical information was collected from parents and the CNDR database, and included age of the child, his wheelchair status, pulmonary function, subjective level of fatigue, and whether the child had been diagnosed with a developmental or mental disorder. Information about the family was collected via parent-proxy reports: annual household income, parent's highest level of education, and the Family Inventory of Life Events, 17 a measure of the level of stress a family has faced in the past year.
Statistical analyses
Child self-reported and parent-proxy-reported sQoL, sHRQoL and mHRQoL scores were summarized using medians, means, and standard deviations.
In both child-and parent-reports, the relationship between scores of sQoL and sHRQoL was quantified using the point estimate and associated 95% confidence interval (CI) for the Spearman correlation coefficient. The associations between sQoL and mHRQoL and between sHRQoL and mHRQoL were examined with Spearman correlations.
Logistic regression analysis was used to assess whether any child clinical or family characteristics distinguished those who rated sQoL to be 'much' higher than sHRQoL from those who did not. The analysis was done this way because we were interested in a large difference between sQoL and sHRQoL, not just any difference. The sample was divided into two groups: children and parents who rated sQoL to be 'much' higher than sHRQoL, and children and parents who did not rate sQoL to be 'much' higher than sHRQoL. There was no guidance from the literature on what constitutes a meaningful difference between sQoL and sHRQoL; thus, we made the arbitrary decision, based on the distribution of the values in our sample, to dichotomize our outcome in this manner. sQoL was considered much higher than sHRQoL if the difference between them was in the top 25% of the sample. In other words, we looked at the differences between sQoL and sHRQoL of all respondents and decided if any difference was large enough such that it is in the top 25% of all differences, then that respondent would be in the 'much higher' group. The characteristics tested in the multivariable logistic regression model included: age of child, fatigue level, ambulation status, presence of at least one mental or developmental disorder, total household income, parental education, and Family Inventory of Life Events score. The variables chosen for the model were selected because we felt they represented clinically relevant factors from our data set that could be impacting sQoL and sHRQoL. Bivariate analyses were performed prior to multivariable analyses.
RESULTS

Sample characteristics
From the CNDR, 175 eligible families were identified; the overall response rate was 56%. Table I shows the clinical and family characteristics of the young males in our study. The average age of the children was 10.5 years (range 4-18y). The mean age of parent respondents was 42.7 years What this paper adds
• Quality of life (QoL) and health-related quality of life are distinct concepts rated by young males with Duchenne muscular dystrophy (DMD) and their parents.
• Factors outside of 'health' contribute to overall QoL in the paediatric population with DMD.
(range 24-57y). The majority (72%) of children were ambulant. Eighty-eight percent of the children lived in two-parent households. Table I also presents aggregate clinical characteristics of children who did not respond, suggesting there were no significant differences in clinical characteristics between respondents and non-respondents. Table II presents the mean and median sQoL and sHRQoL scores as reported by children with DMD and their parents; for reference, median QoML scores of a rheumatology sample, from which the QoML was developed, are also provided.
18 Child-and parent-reported PedsQL total scores, and, as a reference, mean scores of typically developing children, are also reported in Table II . 16 
Association between sQoL and sHRQoL
On the child self-report, two young males rated their sQoL as 100, and sHRQoL as 0. These extreme opposite values were deemed to be outliers and removed from analysis. Better sHRQoL was associated with better sQoL, with the Spearman correlation estimate as 0.44 (95% CI 0.23-0.61; p<0.001). The sQoL score did not correlate significantly with the mHRQoL total score (r=0.16 95% CI À0.09 to 0.38; p=0.20); however, the sHRQoL score was significantly correlated with mHRQoL total score (r=0.26, 95% CI 0.02-0.46; p=0.033).
On the parent-proxy-reported QoML questionnaire, sHRQoL was associated with better sQoL, with Spearman correlation estimate given by 0.69 (95% CI 0.54-0.79). sQoL score did not correlate with mHRQoL total score (r=0.12, 95% CI À0.11 to 0.14; p=0.30); the sHRQoL score marginally correlated with the mHRQoL total score (r=0.23, 95% CI 0.003-0.434; p=0.046).
Factors contributing to difference between sQoL and sHRQoL
On child-reports, the difference between sQoL and sHRQoL ranged from 100mm to À46.3mm (median difference 0.8mm). The score of sQoL was considered much higher than sHRQoL if it was rated 14.9mm or greater than sHRQoL (in the top 25% of the difference between sQoL and sHRQoL of child-reports). None of the child or family characteristics tested was significantly associated with a child respondent rating his sQoL to be much higher than sHRQoL (Table III) . However, children whose parents had postsecondary education were 5.7 times more likely to rate their sQoL as being much higher than sHRQoL, with a wide 95% CI (0.7-237).
On parent-proxy reports, the median difference between sQoL and sHRQoL was 0 (range 55 to À42.5mm). sQoL score was considered to be much higher than sHRQoL if it was 9.6mm or higher than HRQoL (in the top 25% of the difference between sQoL and sHRQoL of parent- Data are mean (SD); median unless otherwise indicated. The discrepancy between the numbers included for QoML and PedsQL was owing to difference in questionnaire completion (more participants completed the PedsQL than the QoML). sQoL, single-item quality of life; sHRQoL, single-item health-related quality of life.
reports). None of the factors was significantly associated with an increased likelihood of a parent rating their child's sQoL as much higher than sHRQoL (Table III) . The lack of significance is likely owing to the small sample size. For example, the odds ratio of rating sQoL higher is 5.3, comparing parents of ambulant children with parents of nonambulant children (95% CI 0.9-35.9). As with the childreport, one factor associated with sQoL being much higher than sHRQoL was parent education level; parents who had a postsecondary education were 2.0 times more likely to rate their child's sQoL as much higher than sHRQoL (95 CI% 0.6-7.4) ( Table IV) .
DISCUSSION
The relationship between QoL and HRQoL has rarely been explored in chronic diseases in children. Our study joins a small but growing body of literature that demonstrates that QoL and HRQoL should be measured separately and be more clearly defined. [11] [12] [13] Our study is unique in that it is done in DMD, a degenerative muscle condition, and in that we completed data collection via a large national disease registry. We have shown that sHRQoL and sQoL are related but distinguishable concepts. The results are similar for children and their parentproxy, but, consistent with the literature, suggest parents emphasize health issues as contributing more strongly to QoL than children themselves do. In addition, we have made two important advancements in this novel area of study. First, we determined factors that would contribute to sQoL beyond sHRQOL, for example, parental education. Second, we have shown the complexity of ambulation status in DMD, which is not universally negative for QoL and is viewed differently between children and adults. These factors are important foundations for future researchers to become more specific in their research.
sQoL and sHRQoL were rated as distinct but related concepts by both the children with DMD and their parents. It is likely that the association between sQoL and sHRQoL is partially due to common-method variance, as the format of the QoML measure has the items both measured on 100-mm visual analogue scales and presented together on the same page. 19 Thus, to further investigate the relationship between sQoL and sHRQoL, we also tested the association between the sQoL and the mHRQoL measure, the PedsQL module, and found that they were not significantly related to one another. In contrast, the two measures of HRQoL (sHRQoL and mHRQoL) were found to be significantly associated with one another. It is possible that when asked to 'consider their health' on the QoML questionnaire, children with DMD and their parents considered aspects of the child's life that are more or less aligned with domains measured by the multidimensional HRQoL, whereas when the respondents were rating the broader, overall QoL, they may have been thinking less about their health, or considering aspects of their lives other than health-related domains.
The correlated but distinct relationship between sQoL and sHRQoL has been reported in other disease groups. QoL was considered to be much higher than HRQoL if QoL was 14.9mm or greater than HRQoL on the visual analogue scale (in the top 25%). Higher fatigue score indicates less fatigue; score was divided by 10 to reflect a more meaningful level of change. The odds ratio (OR) is that of a child with Duchenne muscular dystrophy (DMD) rating his QoL to be much higher than HRQoL for every 10-unit of increase in fatigue score. Higher FILE score indicates higher level of family stress experienced in the past year. Score was divided by 50 to reflect a meaningful level of change. OR represents OR of child with DMD rating his QoL to be much higher than HRQoL for every 50-unit of increase in FILE score. CI, confidence interval. QoL was considered to be much higher than HRQoL if QoL was 9.4mm or greater than HRQoL on the visual analogue scale (in the top 25%). Higher fatigue score indicates less fatigue; score was divided by 10 to reflect a more meaningful level of change. The odds ratio (OR) is that of a parent who rated their child's QoL to be much higher than HRQoL for every 10-unit increase in fatigue score. Higher FILE score indicates higher level of family stress experienced in the past year. Score was divided by 50 to reflect a meaningful level of change. OR is that of parent who rated the QoL of their child with Duchenne muscular dystrophy (DMD) to be much higher than HRQoL for every 50-unit of increase in FILE score. CI, confidence interval.
Feldman et al. 11 found that in a group of children with rheumatoid arthritis, HRQoL explained only 30% of the variability in sQoL. In a study of young people with cerebral palsy, the Health Utility Index 3, used as measure of HRQoL, explained only 14% of variability in QoL, measured by the Quality of Life Instrument for People with Developmental Disabilities measure. 12 When the same group was evaluated 1 year later, the shared variance remained low. 13 In a recently published study, researchers found that in a group of adult males with DMD, the correlations between domains on the Short Form-36 Health Survey, a measure of HRQoL in adults, were moderately correlated with an overall measure of QoL. 20 These authors concluded that adult males with DMD may experience deficits in the physical domains of their health status but are generally satisfied with their overall QoL. Finally, in a cross-sectional, multinational study of HRQoL in young males with DMD, it was found that most caregivers rated their child's health to be 'good' or 'excellent', regardless of the stage of their child's DMD. 21 All of these findings are support for treating QoL and HRQoL as separate concepts.
In the qualitative debriefing that took place during the development of the QoML questionnaire, factors such as relationship with family and friends were identified, in addition to health, as being important in determining QoL. 11 People place different values on various aspects of their health and life, leading to different assessments of QoL in relation to HRQoL. Response shift, the phenomenon in which people with disability experience a positive change in one's self-evaluation of QoL, might also explain the differentiation between QoL and HRQoL. 22 We explored factors that were associated with a clear difference between sQoL and sHRQoL. We recognize that our approach of dividing the sample into two groups, those who rated QoL to be 'much higher' and those who did not, was arbitrary. We wanted to take advantage of the unique set-up of the QoML, in that it explicitly distinguishes between sQoL and sHRQoL, but measures them in the same manner, thus making them directly comparable. No factor emerged as a statistically significant contributor to a child-or parent-respondent rating sQoL to be much higher than sHRQoL. There were, however, trends toward significance that had clinically plausible explanations. For example, children whose parents have postsecondary education had 5.7 times the odds of rating their sQOL to be much higher than children whose parents did not have postsecondary education. Parents of children who were ambulant had 5.3 times the odds of having indicated their child's sQoL was much higher than sHRQoL than parents of children who were not ambulant. Loss of ambulation is seen by both clinicians and parents alike as a major disease milestone. 1, 23 In an interview study, parents of newly diagnosed children reported that they saw transition to wheelchair as 'beginning of the end'. 24 One limitation of the study was that, owing to the relatively small sample size, the CIs in the logistic regressions were extremely wide and thus we were unable to reach any firm conclusions regarding which factors contribute to someone rating their QoL to be much higher than HRQoL. However, parental education and loss of ambulation emerged as factors worth further investigation. Another limitation is that 61.2% of our parent respondents reported having a postsecondary degree, which is significantly higher than the general Canadian population at 39.8%. This difference, combined with a 56% response rate, generated some concerns with respect to the generalizability of our results. However, there were no significant clinical differences between clinical factors obtained from the CNDR, alleviating some of the concerns about lack of generalizability.
This study was the first to examine the relationship between QoL and HRQoL in a paediatric population with DMD and provided solid evidence that they are related, but distinct concepts that should be measured separately. Given the relatively modest association between sHRQoL and sQoL, it is important to consider the impact of this finding for two reasons. First, from an outcome-measure perspective these results support the need to be careful about instrument selection, by recognizing that certain instruments are designed to measure QoL, whereas others measure HRQoL. It has been suggested that HRQoL is more suitable at assessing interventions in clinical trials, whereas QoL measures might be more suitable for examining predictors of well-being or track changes over time. 13 Patient-reported outcomes such as QoL and HRQoL have been used in recent clinical trials in DMD. 25 While the most commonly used patient-reported outcome in DMD trials has been the PedsQL module, which is multidimensional in nature, there has been debate on whether QoL should be rated as a single, generic measure. In this paper, we have explored the relationship between single-item measures of QoL and HRQoL, and the multidimensional PedsQL. Second, in the clinical care realm it is important to focus not only on HRQoL but also more broadly on QoL to adequately address the needs of the child in a more holistic manner. Some studies have demonstrated that QoL is not necessarily associated with the severity of a chronic illness. 12, 13 Mental health has been found to be the domain most associated with overall QoL in a group of adults with DMD. 20 Interventions that aim to improve overall QoL (and not just HRQoL) might focus on improving psychosocial well-being as opposed to merely physical function. Future studies that are more qualitative and directly explore factors outside of health that patients and caregivers deem important to their QoL will be very important to guide further quantitative approaches and drive new instrument development.
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